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(54) Method for decolorization of alkanolamines and alkyleneamines. 



(57) Color-containing alkanolamines or 

alkyleneamines, having color numbers of up to 
100 PtCo or higher, can be treated with 
polymeric solid acidic catalysts at elevated tem- 
peratures. Perfluorinated ionexchange polym- 
ers in the acid form may be used as the 
polymeric solid acidic catalyst. In the presence 
of added water, these polymeric solid acidic 
catalysts produce decolorized alkanolamines or 
alkyleneamines having color numbers pt .20 
PtCo or less. The process of decolorization can 
be carried out in batch or continuous mode 
processes thus providing low cost, high quality 
and high purity end products. 
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BACKGROUND OF THE INVENTION 

The present invention relates to processes for de- 
colorizing alkanolamines and alkyleneamines, and 
more particularly, to both batch and continuous proc- 5 
esses for producing alkanolamines and alkylenea- 
mines having improved color characteristics by treat- 
ment with polymeric solid acidic catalyst 

Price and purity are important characteristics of 
a chemical's marketability to a potential customer. 10 
During industrial processes used to produce various 
chemicals, impurities often enter the processes and 
manifest themselves in the form of color contamina- 
tion. The sources of this color contamination may be 
metals and metal compounds from the catalysts or 15 
equipment used in the processes, or conjugated or- 
ganic compounds which are formed during the proc- 
esses. Since the mechanism by which these color 
contaminants are formed varies from process to proc- 
ess, the decolorization process normally acts by a 20 
mechanism which depends on the color source. 

It is well known that alkyleneamines, particularly 
the higher polyamines, become discolored during 
their preparation which generally reduces their com- 
mercial value. Various procedures have been used 25 
commercially or suggested for decolorizing or other- 
wise improving the color of these compounds includ- 
ing, for example, treating with hydrogen chloride or 
amine hydrochlorides as disclosed in JA-119902, UK 
Pat. No. 1 ,351,050; treatment with activated carbon, 30 
acid treated clays or acidic zeolites at elevated tem- 
peratures (about 200°C) as disclosed in U.S. Pat. 
Nos. 3,723,529 and 4,737,243; and treatment with a 
powdered form of a sulfonic acid ion exchange resin 
as disclosed in U.S. Pat. No. 4,731,165. In each of 35 
these procedures, distillation is generally a final step 
needed to achieve the desired color, and neutraliza- 
tion of residues, handling and disposal of acids add 
additional process steps. In the several of the meth- 
ods, recovery of the catalyst and/or reactivation of the 40 
catalyst are also additional process steps which com- 
plicate the processes. 

U.S. Pat. No. 4,570,019 discloses a process 
which may be run continuously for producing polyalk- 
ylene polyamines having improved color characteris- 45 
tics which comprises treating discolored polyethylene 
polyamines with polyethylene polyamine hydrochlor- 
ide in the presence of water at elevated temperatures, 
thus eliminating extra handling steps described in the 
processes above. so 

However, as is known in the art, methods used for 
decolorization of higher polyethylene polyamines are 
generally not transferable to compounds such as al- 
kanolamines which are prepared by different proc- 
esses and which use different reactants. 55 

For example, alkanolamines may be convention- 
ally prepared by reacting an alkylene oxide with am- 
monia or an amine, or, more particularly, alkanola- 



mines such as aminoethylethariblamine may typically 
be prepared by the reductive amination of monoetha- 
nolamine. 

Alkanolamines produced by these conventional 
processes can vary in color from nearly colorless wa- 
ter-white liquids to pale yellow. Alkanolamines, partic- 
ularly ethanolamines, are susceptible to color forma- 
tion in the presence of oxygen (e.g. from air leaks dur- 
ing manufacture and/or storage), excessive tempera- 
ture and soluble metals such as iron or nickel. Also, 
impurities in raw materials may contribute to the initial 
and continuing formation of color bodies. 

Various attempts to overcome the problems as- 
sociated with color and color instability of alkanola- 
mines have proven to be cost intensive and environ- 
mentally unacceptable. Such attempts have included 
purification by fractional distillation, concentration of 
color forming bodies or their precursors by fractional 
distillation, carbon treatment, the use of adsorbent 
materials, various hydrogenation techniques, and the 
use of reducing agents such as sodium borohydride 
and hydrazine. 

U.S. Patent No. 2,744,938 describes a process 
for the treatment of color- sensitive organic com- 
pounds which have become discolored through oxi- 
dation or upon aging. The patent specifically de- 
scribes the method of removal of color bodies from al- 
kyl phenols with a catalyst-free solid adsorbent in the 
presence of hydrogen maintained at super atmosphe- 
ric pressure. The thus treated alky I phenol is then 
separated from the solid adsorbent material. 

U.S. Patent No. 3,207,790 describes a process 
for improving the color of alkanolamines that develop 
undesirable color on aging by adding a sufficient 
amount of a borohydride of an alkali metal. The boro- 
hydrides have appreciable solubility in the alkanola- 
mines and after dissolution, may remain in the solu- 
tion or the alkanolamines may be distilled under re- 
duced pressure. 

U.S. Patent No. 3,453,183 describes a method of 
removing aldehyde impurities from ethanolamines by 
forming a mixture of the ethanolamines with either 
powdered silicas, powdered silicates, liquid silicates 
or powdered aluminas, followed by separation of the 
ethanolamines by vacuum distillation. 

U.S. Patent No. 3,819,710 describes a process 
for improving color and color stability of ethanola- 
mines by hydrogenation using selected catalysts and 
selected catalysts conditions. Useful catalysts for the 
process include Raney nickel, platinum, palladium or 
ruthenium. 

EP 0477593 describes purification and decolori- 
zation of off- color crude N-dialkyl dialkanola mines by 
vacuum distilling in the presence of water and a wa- 
ter-soluble metal borohydride. 

The above patents confirm the need for methods 
of improving the color characteristics of both alkano- 
lamines and alMeneamines. While some of the proc- 
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eSses such* as the use of solid adsorbents results in 
improved color, such processes are not entirely suit- 
able for large scale decolonization and require labor 
intensive steps for recovery of the desired product 
adding expense to the process in terms of time of 5 
treatment, equipment costs, and disposal of byprod- 
ucts. 

Other methods, such as hydrogenation of color 
impurities requires expensive Raney nickel which 
must be replaced on a regular schedule. Hydrogena- 10 
tion systems also require special equipment for hy- 
drogen supply, mixing and, after reduction, filtration 
to remove the Raney nickel, since distillation in the 
presence of Raney nickel tends to generate color and 
deactivate the catalyst. 15 

The need exists for an inexpensive easily oper- 
ated process of producing alkanolamines or alkyle- 
neamines having reduced color. 

SUMMARY OF THE INVENTION 20 

In accordance with the present invention there is 
provided a method of producing alkanolamines or al- 
kyleneamines having reduced color comprising con- 
tacting color-containing alkanolamines or alkytenea- 25 
mines with polymeric solid acidic catalysts in the pres- 
ence of added water at an elevated temperature, for 
a time sufficient to reduce the color of the alkanola- 
mines or alkyleneamines. Preferably the decoloriza- 
tion step is carried out under pressures high enough 30 
to maintain water in the liquid phase. 

The heterogeneous catalysts used in accordance 
with the present invention, advantageously provide 
versatility in allowing both batch and continuous proc- 
essing of the color-containing alkanolamines and al- 35 
kyleneamines. The processes may readily be incor- 
porated into typical manufacturing facilities, providing 
low cost, high quality and high purity end products. 

The methods of the invention may effectively 
treat color-containing alkanolamines and alkylenea- 40 
mines with colors up to a Platinum-Cobalt (PtCo) 
number of 100 or higher to obtain products with re- 
duced color numbers of about 20 PtCo or less. 

DESCRIPTION OF THE PREFERRED 45 
EMBODIMENTS 

The discolored alkanolamines or alkyleneamines 
to which the present invention relates can be pre- 
pared by any of the processes well known in the art so 
such as where a crude mixture is produced and then . 
subjected to refining procedures where desired indi- 
vidual components or mixtures thereof are separated 
and recovered. The products recovered by the vari- 
ous refining or separation processes are, in general, 55 
discolored, having PtCo numbers ranging from up to 
700 or greater, as determined using ASTM Method 
1209 "Color of Clear Liquids (Platinum-Cobalt 



Scale)." 

In the absence of any pre-treatment, refined al- 
kanolamines, such as for example aminoethylethano- 
lamine (AEEA), may have color numbers being close 
to about 60 PtCo or higher. 

In addition, alkanolamines or alkyleneamines 
which may have been treated previously by other 
known decolorization methods, some of which may 
have lower color numbers initially, upon storage be- 
come discolored due to increases in storage temper- 
atures. 

The following description of the preferred em- 
bodiments will refer to decolorization of alkanola- 
mines, in particular AEEA. However, the scope is in- 
tended to include both alkanolamines and alkylenea- 
mines, as it has been surprisingly found that the pres- 
ent invention may be applicable to both types of com- 
pounds when water is added, and at elevated temper- 
atures. 

Color impurities found in alkanolamines may be 
removed by contacting color-containing alkanola- 
mines with polymeric solid acidic catalysts. A prefer- 
red class of polymeric solid acidic catalysts include 
perfluorinated ion-exchange polymers (PFIEP) such 
as Naf ion®, a registered trademark of DuPont Chem- 
ical Company for copolymers of tetrafluoroethylene 
and perfluorinated monomers. Naf ion® is prepared 
from a copolymer of tetrafluoroethene and perfluoro- 
2-(fluorosulfonlyethoxy)-propyl vinyl ether. The per- 
fluorinated vinyl ether is produced by reaction tetra- 
fluoroethene with S0 3 to form a cyclic sultone which 
subsequently rearranges to fluorocarbonylmethane- 
sulfonyl fluoride. The linear analog reacts with two 
moles of f I uoro propylene oxide to yield a compound 
with a terminal 1-fluorocarbonyJtrifluoroethoxy 
group. This group loses carbonyl fluoride on heating 
with Na 2 CO a to give the perfluorinated vinyl ether. 
The copolymer resin in the sulfonyl fluoride form is 
base hydrolyzed to the alkali form and then acidified 
to the sulfonic acid form. 

Polymeric solid acidic catalysts may be pur- 
chased in the acid form, such as Naf ion®- H or Na- 
fion®-NR50 available from Aldrich Chemical Compa- 
ny. In the acidic form, these materials are composed 
of sulfonic acid groups adjacent to f luorinated carbon 
in a perfluorinated polymer backbone. The polymeric 
solid acidic catalyst may be used alone or may be 
coated onto a support material such as silicas, alumi- 
nas, porous glass beads, ceramics and the like using 
methods known in the art such as impregnation. The 
surface area and pore diameters of these supports 
can vary and are not critical to the operation of the 
polymeric solid acidic catalyst. 

When treating color-containing alkanolamines or 
alkyleneamines, the amount of catalyst used depends 
on the concentration and strength of the acid func- 
tionality. The acid concentration and strength of the 
polymeric solid acidic catalyst may be determined by 
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methods known in the art such as non-aqueous 
amine titration (Hammett indicator) and the like. Gen- 
erally, from about 0.5 to 10 percent by weight of the 
polymeric solid acidic catalyst is used based on the 
weight of material to be treated. For example, when 
using Naf ion®, the amount of catalyst used is prefer- 
ably 1 to 5 percent by weight of the material to be 
treated. 

Without intending to be bound by any particular 
theory, it is believed that in the presence of added wa- 
ter, polymeric solid acidic catalysts such as Nation®, 
after an initial weight loss, are stabilized, resulting in 
better performance without the need for continuous 
regeneration of the catalyst. The amount of water 
present is generally in the range of 1 to 10 percent, 
preferably 3 to 8 percent and most preferably 4 to 6 
percent by weight of the material to be decolorized. 

The above described polymeric solid acidic cata- 
lysts may reduce color during initial use without water, 
however, the degree of color reduction, stability of the 
decolorized product and stability of the catalyst itself, 
is low and the process may not be adaptable for con- 
tinuous use processes. Further, anhydrous operation 
at elevated temperature may result in excessive cat- 
alyst weight loss and degradation of the catalyst due 
to the accumulation of heavy byproducts which may 
form during the color removal step. 

The process may be run over a wide ranges of 
temperatures from about 150° to 230°C. Preferably, 
the temperature range is from about 201° to 215°C, 
and most preferably from about 205° to about 21 0°C. 
The pressure of the system should be high enough to 
assure retention of water in the liquid phase, and is 
normally in the range of 1-100 psig, more preferably 
20-75 psig, and most preferably 50-65 psig. 

In a typical embodiment, the process of the pres- 
ent invention may be carried out in both batch and 
continuous modes. In the batch mode, treated prod- 
uct is discharged and fresh product, to be treated, is 
added. The catalyst may conveniently be maintained 
in the reactor by use of a basket made of porous 
screens. In a batch mode operation, the use of agita- 
tion may be beneficial in improving catalyst efficien- 
cy. Typical means of agitation include the use of 
mechanical stirrers at speeds ranging from about 400 
to about 1200 rpm. 

In a continuous mode of operation, a fixed cata- 
lyst bed may be used and product to be treated pump- 
ed through the bed. In such a continuous process, wa- 
ter is typically introduced as makeup and normal dis- 
tillation is used to provide low color and color stable 
products. Although the mechanism of decolorization 
is not completely understood, it is believed that during 
a continuous process, color formers are destroyed 
during the process and become light fragments which 
are removed during distillation or heavy fragments 
which go out with the residue stream. 

The color-containing alkanolamines or alkylenea- 



mines should be in contact with the pdlymeric solid 
acidic catalyst for a time sufficient to produce a de- 
colorized product Typically, the residence time for 
either the batch or continuous mode of operation may 

5 be up to about 8 hours, preferably about 4 to 6, and 
most preferably about 4 to 5 hours. The length of time 
for decolorization depends on the amount of polymer- 
ic acidic catalyst present in the treatment vessel, tem- 
perature, and amount of water present in the system 

10 as illustrated by the following examples. 

EXAMPLES 

Although Naf ion® has been used in the decolor- 

15 ization of alkyleneamines (U.S. Patent No. 
4,731,165), the patent does not discuss that addition 
of water to the process and states that Naf ion's tem- 
perature stability places an effective ceiling of 200°C 
on the process. It would further be unexpected that a 

20 process for decolorization of alkyleneamines could be 
transferred to alkanolamines due to differences in 
manufacturing and refining processes which result in 
the formation of color-forming bodies. 

The following examples demonstrate the effec- 

25 tiveness of polymeric solid acid catalysts in the color 
reduction of alkanolamines. The solid acidic catalyst 
used was Nation® in acidic form purchased from Du- 
Pont Chemical Company. 

Crude AEEA having an initial PtCo number of 

30 79.5 was used for the decolorization process. The dis- 
tillation equipment consisted of a 5 tray Oldershaw 
column having one inch tray spacings, equipped with 
a distillation head. 

35 Example 1 - Control 

Crude AEEA, 250 grams, is mixed with 1 0 grams 
of distilled deionized water. The mixture is charged to 
the distillation equipment and heated to 205-21 0°C 
40 for three hours at a pressure of 0.7 psig. The pressure 
is reduced to 2 mm Hg and a first distillate fraction re- 
moved. A second distillate fraction, 200 grams of un- 
treated AEEA, is removed at a head temperature of 
105°C, 2.8 mm Hg, and has a color of 53 PtCo. 

45 

Example 2 - Color Reduction Using Naf ion® 

Crude AEEA, 300 grams and 12 grams of distil- 
led, deionized water are charged to the distillation 

50 equipment described above containing Naf ion® tub- 
ing (3 grams, 1/8 inch by 1/2 inch sections). The ma- 
terials are heated to 205-21 0°C for 3 hours. The re- 
actants are cooled to ambient temperature and the 
supernatant liquid transferred to the distillation equip- 

55 ment. Af irst distillate fraction is removed at 84°C, 0.7 
mm Hg. The second distillate fraction, 212 grams of 
treated AEEA, is removed under the same conditions 
and has a color number of 9.7 PtCo. 
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Example 3" - Comparative Example 

Temperature effect on performance of Nafion® 
was evaluated by treating crude AEEA, having an ini- 
tial PtCo number of 79.5, at 1 50°C and 1 80°C. The re- 
sults are shown in the following table and as com- 
pared to Example 2: 



Table 1: 



Temperature Effect on 


Decolorization of AEEA 


Using Nafion® 


Temperature 


PtCo Number 


150°C 


38.8 


180°C 


21.4 


205-21 0°C 


9.7 


(Ex.2) 





Claims 

1 . A process for producing alkanolamines or alkyle- 
neamines having a reduced color comprising 
contacting, in the presence of added water at an 
elevated temperature, color-containing alkanola- 
mines or alkyleneamines with a polymeric solid 
acidic catalyst to reduce the color of said alkano- 
lamines or alkyleneamines. 

2. A process as claimed in claim 1 wherein said 
polymeric solid acidic catalyst is present in a con- 
centration ranging from 0.5 to 10 percent by 
weight of said alkanolamine or alkyleneamine. 

3. A process as claimed in claim 1 or claim 2 where- 
in water is added at a concentration of from 1 to 
10 percent by weight of the alkanolamine or alky- 
leneamine. 

4. A process as claimed in any one of the preceding 
claims wherein said elevated temperature is in 
the range of from 150°C to 230°C. 

5. A process as claimed in any one of the preceding 
claims wherein said alkanolamine or alkylenea- 
mine having reduced color has a color number of 
20 PtCo or less. 

6. A process for producing aminoethylethanolamine 
having a reduced color comprising contacting, in 
the present of added water at an elevated temper- 
ature, color-containing aminoethylethanolamine 



with a polymeric solid acidic catalyst to reduce the 
color of said aminoethylethanolamine. 

7. A process as claimed in claim 6 wherein said ami- 
5 noethylethanolamine having a reduced color has 

a color number of 10 PtCo or less. 
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